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OCClIHBtKGX Or OCOTmtJH AMD 

by Uiah*el 71  lecher sad James 0. Harder

Columblum and tantalum ooeur most abundantly In eertain minerals whloh 

form lata in the general prooass of aafmatie differentiation, includiac the 

lat« hydro thermal sta^ss. Thasa minaral* occur alaost without axo^ption in 

cranitie aad s/aaitic pa^matltes and placers derived thervfroa. Aaonc tha 

 atallls alsaaats, coluffiblna aad taatalua are aost close I/ associated with 

titanium, si re onixua, uranium, rare earths, aad tin, as al«ht be expected 

from their ionic radii. The tfljaOg ^ fkfOg content of the minerals T&ries 

from a trm«e to 86 percent, fhe Mfh ri>ue is for coltxvbitt-tant&lite, the 

aost coamon ore Mineral of coluabiwi and tantalvi.

The dewestle reserves of colu»blura-tajat«lu» minerals are estimated to 

be 875,800 pounds of all minerals as of January 1, 1940. Bo cr*de fifares 

are reported.

frodacts of tin amelt«rs and plants which treat minerals ehemioalljr 

for elements such as titanium aad tanfstea should he investicated for colum- 

blum on the basis of association.

This repert on the occurrences of colnnbiua aad tantalum is the fourth in 

a saries of similar repert s to be prepared by the Oeolocical Surrey discussing 

possible souroes of tarsral rare or uncommon elements for which ther« are war 

uses. Other elements will be discusied in forthcoming reports.



Colunoiusr-' and tantalum are chemical elements with atomic    ftirs 41

_/ niobium (Is) is generally used in plate of columbium (Ct>) in the iBropcaa 
literature.

 ad 73, and atomic weights 91.91 tmd ItO.Si, respectively. fh*y belon* to tha 

fifth group of Ihe periodic table and are qui&quavaleat in most of their oom- 

pounds. The history of th*M  Is^tttts, thslr propertlsa sad those of thsir 

*rs >VHiriM4 V M^Uor (MF)< Th*lr chsalttry and

 Msmrised recently (1, 30).

CU

stnt

and taatalu an relatively rare elements, whose exmot position 

in tke order of atmndaace of the elesMmts is uncertain. Analysis for these ela- 

 ents is unusually difficult» vhioh lay explain the paucity of data on th*lr dis 

tribution and th« widely Tarylnc  stlaates of their abundance. Tims Clark* and 

tashinfton in 1934 (5) cave 0.003 percent as the arerace coluBMma plus tantsv 

IUM content of igneous rock*, where** two years e&rlier they had 4!Tea it as 

n x 1CT* percent. More recently, von Heresy and coworkers (14, 15) gars 3.2 x 10""5 

percent Cb and 2.4 x 1CT5 percent Ta for the arera^e contents of eruptive rocks, 

Goldschfflidt (12) cave 0.002 percent Ob and 0.0015 percent fa. and van Tonseren 

(94) astisLHted 0.001 oercent Cb to Ve the avwrace content of the rocks of the 

Dutch Bast Indies.

Colusfcluji and tantalua are lithot>hilio elements that occur almost
» 

clusively in icaeous rocki* in contrast to dispersed elements such as

and indium, oolunbiuit and iantalna are so concantratad ferine ta« processes of

macmatlc differentiation that they are major constituents of many minerals.

Th«s« minerals, almost without exception, occur in cranltic and ay amitic p*fmstit«»,



The empirical loaic r*diua of oolumbium is fivem a* Q.69A. and that of 

tantalum mast to mmmrly the sane. Columbiua amd tantalum are associ«t*d 

closely with titanium amd tirconixm, amd to some extent with tin amd turn* stem. 

These associations would be anticipated from the ionic radii (titedium 0.64, 

tin 0.74. tomgstea approximately 0.6), except for sirconltsn, whose iomie 

radius is given as 0.87A., but may wall to smaller. Molybdenum minerals have 

apparently not bean tested for the presence of ooluabium nmd tamtalum, %lta««4^ 

the ionic r%dius of molybatonsi (O.I - 0.7) tm«gesta a possible as»ooi tlon 

especially in mol/Wenlte frompafmatites. Soaw mol/bdenum ores tasted spec- 

tro4T»phioall/ by Babbitt (25) did act oont*ia aeaeurable amoniAts of columbitn, 

but no molybdaaum mineral was tested.

Occurrences in specific ain*rals «md rpckt

The following list includes all the mineral* that are reported to coa- 

taln columbium or tamtalum which art rtcojmised AS rslid species amd s«me 

that are of dubious Talidity. The complexity of composition amd the diffi 

culty of analysis make it impossible to systematically classify all these 

minerals accurately, may have been divided into two croups; (1) minerals 

in which ooluabiua or tantalum is a major constituent, amd (2) Minerals in 

which these elemaats are minor constituents. Within each group, th* *rr«m4*m«nt 

is roughly in order of possible iaportamee as a souro* of columvium amd tantalmm. 

for ta« mamy rare and ill-defined species, a rou^h crouplmc of liks minerals 

has been attempted. Unless otherwise indicated, the data given are from volume 

1 of the Seventh Idition of Dexa's fystem of KinaralaaT W **& fro" thft  4c- 

 ralocical file of the Section of Chemistry and Physics, Oeolofical Survey, 

Department of the Interior* ,



In4sx of ftioarals   ntionad

. $   Mtaflta, p, 10

. 8e« Ilmenita, p. 12 

Aitroph/lllU. p. 13 

BetafiU, p. 10 

BiwtoUntalit*, p. 9 

float trandlnc. 8«« St«hjrnit«, p, 9 

Brookit«, p. 13 

Car/oceritft, p. 13 

Casilt trite, p. 13 

Golu£it* t p. 7

Columtomicrolltf . $   ?7rochlore-Hlcrolit« Grotip, p. I 

C/rtollt«, 3«« Zircon, p. 12 

DJalmalU. Se« l*Ufit4, p, 10 

Hrsanal>t«f 8«« PeroT«klt«, p* 8 

BLlsworthitt. § « Pyrochlor«-MicrollU Oroup, p. 8 

3plstolit«, p. 11 

I*cbi*ctitft, p. 9

, n. 9

, p. 13 

, p. 9 

t p. 10

Tarwanltt, p . 11

S*« ?«rcaaonit«, p. 10 

. 8«« II re on, p. 12 

Hatch«ttollt«. SM F/rochlore-MlcrolItt Group, p. 8

Ilortd^iliU, p. 11



Indax of mineral! Bagtionad (continued)

HJalalta, p. 8

Xloaalta, p. 12

Xlneaorutila, Sat 1fttile, p. 6

Xihikmw*ita, p. 10

blkowakita. Saa Ilaenlte, p. 12

Zhltpinit«, p. 11

Koppit*. %%  Pyrochlort-Mlcrollta Group* p. 8

L*v«alU, p. 11

L*»arlt«, p. 7

Loraasklte* $   Polymignlte, p. 10

Loptjxt«nltt t p. 13

Mtlaoooeriit. &«  Car/ooerit«, p. 13

Microlita. Sea Pyrochlor»-Microlita Group, p. 8

Mosslta. gaa Tap!oilte, p. 7

Kurmanlte. p. 11

laagita. faa tlro^n, p. IB

Peror»kita, p. 8

Polycrmie. 8aa Bucamite, p. 9

Polyllthlonlte, p. 13

Polyal47iita ( p. 10

Priorita. 8aa Mschynita, p. 9

, p. 8

, 8aa Loran««mlta, p. 13 

Rutlit, p. 8 

8aB*raJcita, p. 10

8ajdraslta. 8aa BatAflta, p. 10



latex of Mlner*l« mentioned (contiaued)

». § « Volfrttalt*, p. 11 

ftchetell^lte. p. 8 

flarpaonlte, p. 9 

Sph«n«, p. 18 

St«<m«t rapine, p. 13

ftlttocolvrtite. SM 8W1>iotantAlit«, p. 9 

Stiblotantallt«, p. 9 

StmeTerlt . 8«« Ratlle, p. 8 

Tantallte.     Columblte, p. 7 

Tantalum, p. 9 

Taplollte, p. 7 

Thor««allt0» p. 9 

TiUnite. Se« Sphen«, p. 13 

Tritc-ltt, p. 13 

Vehlerlte. p. U 

tolfraalte, p. 11

ttroon, p. U



(I) 141 serais In wmieh colu»biua and/or tantalum in a »^or constituent

Colu»frit*~T%Qt-lit« series (?e, Wn) (CD. *O#6 T**3rl»* f«" eoluabite 

containing little tantalum to tantallte containing little columbium. The 

Cb^Og+Ta^ content it 75 to 86 porcant. *his it the principal ore of colum- 

bin* and tantalum. Golwablte-tantAlito amd tapiolite are the ores froei which 

»0)( or aor« of thi^«e »«tal« art produced outtid* th« U.8.S.I. ($   loparita, 

below.) ColuiaUit-tantalita occur* alv»t excluiival/ 1m gn&it* p*gBatlU«, 

ttpeciall/ in ttiote rich in lithiu* aineral*. Alth««rh of wio>tpr«wid occurrence, 

it i» generally «faM«l/ di«eMnat*d, -md relatively f«w of the eocurrencet 

contain large aaounts. It hat also tee* found in tome placer depesite, a*d 

occurs in the cryolite deposits at Iri^tut, Greenland. A tujeaary account of 

coluaiTJite-Tjnntalite deposits has 'been published by Mathieu (18), and an account 

of the Xnssian deposits by Geraslvo^rfsfcy (10).

fmpiolite-Uossite veriet, (fe. Ma) (Ta, Cb)^. ^aryiac from tapiolite with 

little eoluMbiua to sx>tsite with CTb;Ta approxia^tely 111. The Cb^Og^fa^ con 

tent is 79 to 8S percent. This tetragonal dlaoroh of orthorhonbio ooluBblte- 

taatcllte is ctaerally considered to be a rare aineral, but is actually of 

oeamon occurrence. MMh of the to-called tant*lite has been found by x-ray ttudy 

to eo tapiolite ^Geolo^ical 8urT«y labor«toiy (»8i7* ** occurs in granitic pof- 

 atites, generally astoointed with tantalite.

toparite. essentially (Ce, Wa, Ca) 2 (fi. Cb)#6, a aesiber of the perov- 

akite group. The CbgO^fa^ oontent is 9 to 11 peroent, with colusbium pr«- 

dosdnating over tantalum, toiwrite is a rare mineral, knem only fro» n^pbeline 

syenite pe^aatites of ths Kol« Peninsula, TJ.S.S.f.. where, however, it occurs 

in large amounts »ind aay be an la^ortant souree of eolumbiuia. The deposits 

have b«*n described (8,9,10).



FeroTakite. CaTi03, with Columbia* and tantalum embstituting for titanium, 

and rxre «».rthe and aoditua for calcium (compare loperite). The Columbian variety 

ia called dyssnalyte. The Cb^+TegOg °°nt mt *««    from traces to at percent 

and ia particularly high in samples from contact sonea of nephelinitic rocks. 

The Columbian variety of perevskite ia an uaaomraon mineral th°t gene rail/ occurs 

in email amounts.

Pyrochlore-^icrolite Uroup (including the varietiea colufflboaiorolita* kop- 

pite. hatchettolite. ellaworthite). Fowrala eaaentially (aa,0a) 2 (Cb.TaJjpe 

(0,OH,F)» bat with variable amount a of uranium aad rare eartha replacing cal 

cium and with rarioua element*, especially titaalum, replacing columtlum and 

tantalum* The CbgO^TajOg oont<mt ia general!/ 56 to 78 percent, bat ma/ be 

as low aa 40£, particularly in uranlam rarietiea. Tantalum eommonly predomi* 

nates over colum'biuin. Thesw adnerala are of uncoawon occurrence aad are present 

in email amounts in moat occurrences. lowever* at a few localities, they occur 

In sufficient amounts to be mined as a source ef tantalum. They occur in 

granitic pegmatites and in mapheline syenites and related rocka. also in placera 

derired from such rocka.

3chetellgite is a very rare ooemilez mineral related to the ?yrochlore- 

Mlcrolite Group. It contains 9 peroemt Cb^O^Ta^Og. It oocura in granitic

pegmatite. \

HJelalte ia a very rare, chemically complex mineral siallar to microlite 

in composition aad containing 62 to 70 percent CbgOs+TagOg. It oocura in 

granitic pegmatite*.

jfrtlle. Ti02 (columblam aad tantaliaa varieties, also called ilmenorutile . 

fknd struevtrlte.) These are solid solutions of TiOg containing variable amounts 

of the tapiolite-mossite molecules. Fe(Ta.Cb)^>g. The Cb^Oa^fagOs content

ranges from traces to 47 percent. The varieties of rut lie that contain Appreci 

able percentages of columbiujn aad tantalum are rare minerals, occurring in



grmaitie and syenitio pegmatites.

, fa, Tantalum met*l. eonUinim* !  £ C*« mas **** reported to

occur aa a rarity in some placers, out the occurrences need verification.

Sippsonite. Al$Ta4019 , contei idn« up to 91% OD#ft . fme Ch^O^fajQg con 

tent ia 70 t« 71 percent. A rara ninarml occurring in fraaltlo pacmatitaa. 

It haa l»aan raport«d to oaeur in placari in tuff lei wit amount to tanre a» a 

minor souroa of tantalum.

Sti^iotan^i^^StiMecoIumMtft Serl«t. f>(C"b, Ta)04 , nearl/ th« antira 

aariaa t>aiaf kn^m. Th« CbjOg^fajOg oaataat ia 60 to 60 pareant. It ii a rara 

mineral, oconrrimf in amftll amtmatt in lithium-rich granitic pafmatitai and 

in so mi plaaara darivad tliarefrom*

Bi«gutot^at*iliU» Bi(ta. C"b)04 , with tantalum prado mtmatimg. Th« Cb^*

**2°5 o«At«nt ia 46 to 47 paroamt. It it a vary rara miner*! th^t oeeura in 

granitic pagmatita.

Thoraa^lita. lmfa?07 , containing Cto^s traoe, t*£g 73 par cent. It ia a 

very rara ainaral* ooourri^ in C^aaltic pafiaatita*

Jollowia* it a croup of oomplax, poorl/ defined oolunaatai and taatalata* 

of the rara aartha.

Sudani te-Pol^cr^a* Series, aatantially -J^O^. with A a afcUfly /ttrium

 ind aaloium, also oeriua, uranium, aad thorium; 1 = chief I/ col\i;(>hiu», taatalvt* 

and titanimm. the O^^O^Ta^OQ contant ranee* from 90 to 51 percent. It is 

an uncommon mineral occurring in franitlc patvatites* hut onl/ raral/ im appraai- 

ahla amount*. It hat also oaaa found in plaoers.

Ihlopinita and fitohwa^eite ara rery rare mineral a similar to auxanita 

in composition and occurrence.

Sachyni t e-Priori ta ^rie§. includimf hi cms t ran dine. Thesa mineral B ara 

aimilmr to the amnnita-polycrase series in composition, hut differ in crystal
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structure. The GtaGs+Ta^Og content ran*** trm IS to 37 percent. Columbia* 

generally predominates over tantalum. Theee ere ua*om»om minerals that occur, 

geatrally In email amounts, in nepheli&e- syenite and related rocJta and in 

granitic pegmatites.

it similar in composition to euxemite, eat differ* in crystal

structure. The CbgQs^TagOg content ranges f rum 43 t* 60 percent. CQluabium 

generally predominate brer tantalum. ftammrsldte is an umeo*m#n mineral thnt 

occurs, general!/ in avail amount §, in granitic pegraaUtee.

. e*g«jiti»ai/ T(Cl»,ta}04, with variable ae»unts

of calcium, oerituft, »nd uranium substituting for jrttriua* an^ vith titanium amd 

other elements substituting for columblum and tantalum. CclnsrbViim generally 

predoniiintee over tantalum. The Cb^Dg+liagOs eontemt ranges from 43 te *  per 

cent. Fergueonite ie aa unco«saon mimeral that secure, geaerelly in em«ll mmeunts, 

in granitie pegmatitee, and in plaoers derived taerefroa.

YttroUnUlite is eimilwr to forgueonite im co^K)iition. imt differ* in 

cryetal etructure. The Cb^Og^-TajOg conteat ie 66 to 60 percent. It i» a very 

rare mineral that occurs la gmtiitic pegmatitee.

lahUawaite is a very rare mineral iimilnr to yttro tan tali te in oo^oel- 

tion and occurrence. The Ob^+TagOg content ie 51 percemt.

folymienitt aad Xtoraafkite ere very rare, ill-defined minerals similar to 

yttrotantalitt In composition, bat containing much mirooniue. fhd 

contents reported range from 13 to 4t percent, fhese are very rare 

occurring in email amounts in granitic pegmatites, nephelina- syenites, amd 

amglte-syemite pegmatites.

Group ( including betafite, aamir«gite, djala^ite and

A group of complex, ill-defined minerals of doubtful formula, conlminimg chiefly 

columbium, tantalum, titanium, calcium* mmd m»mnium. The Ob-gC^^Ta^Os content



11.
ranges froa 18 to 73 percent. Theee rare miaerala all occur ia granitic pegmatites, 

Fejsmaaite. (Catia) f (Ti.Cb) liOgF. The Cb^Og+TajQj content is about 15

percent. nearly all of which is columbium. It it a rare mineral thnt occur*

in nepheline a/eAlte pegmatite.

Hurmenite. approximately (Ba,Qa) 3 (W.Cb) g 8150^ {fK) 7 41^0. It con

tain* about 8 pereent Cb^ amd 1 percent Ta^. It is a rare Mineral that

occur* in aepheline syenite pegmatite with leparite aad feraaanite aad la there

fore a uiaor aource of ooluatoiua la the treatment of leparite,

it a sodium ooluabium elllaate of uncertain formula. The onl/

aanlysit fare 34 perceat (TbgOj. It is a Terj rare ainer^JL th«t occur* in 

aephellae syenite pagaatite.

fohlerite, perhaps NaCa8 (ir.Cb) Si^ (0.01,7),. The CD^D^Ta^ con 

tent is 13 to 15 percent < vith oolumbiua predoainatiac orer t^ntalna. fohlerite

is a very rare mineral that occurs in nepheline syenite pagastites.
d 

LMvecite and t^ortdahlite are so2iu« calciua slrconium silicates* like

sohlerite ( but are reported t« eentaln up to 5.1 percent aad 2 percent. re«- 

peotirely. of Co^O^TapOg. They ar« rery rare minerals that occur in nephe 

line syeaite pegmatites.

(2) Minerals in which eolumbium or tantalum is a minor constitaaat

folfrnmite. (Fe,lli)wt>4. Few amalyaes of wolframite report columbloa or 

tantalum, but these may hare been orerlooked (16). The content ef colum- 

blum aad tantalmsi might oe expaeted to be low* exoept for samples frem pet- 

matltos. bat the data in the literature «re too few te allow any estimate of 

average content, the maximum conteat recorded is 2.2 percemt 

8ctttelite> CaW04 , has been reported to eeatain 0.10 percent 

bat the method of analysis used has Wen oaalleaged (22). Be other analysis 

of acbeellte shows eolumblum or tantalum.
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IlaeniU, feT^. Coluablua and tantalum have Wen reported In only a 

ft* analyses of this very COBBOA mineral, but Bay not have be*n looked for. 

Th* maximum content of Cb^Og+ftagOg reported in 1.3 percent froa syenitic pef- 

aatlte. which would be expected to be relatively high in eoluabiua + taatalua 

content (14, £1*26, 87). Tiro black lands froB Borway and ladla contained Q.10 

and 0.02 percent, respectively, ef OfcgOt+fa^Og (14). These were presumably 

the H ilmenite" sands ef cossvero*, whlah am/ be ilnninite, arisonlte, or aaor- 

phous m*t«rlnl. ?he only aaaljsls of ariionlt^ shows neither oolumblum nor

tantalum, but the siailnr aineral/
^ 

falXow^klte contains 1.7 percent C<b2°5*^2°5-

Qafsiterltf. 8a02. This very cosBon Bineml has bevn reported to con* 

tain coluabiun amd tentaluB in amount   rtu^inc frosi spaotro«raphic trao«s to 

orer 10 percent Cb^Og+TagDg* 0oae ef the saaples aaalyeed probably were not 

hoBoceneous and eoatained intergrown coluBbita-ta&talite or tapiolite, but 

there is erldence that casslterite aa/ eontiin coluBbim aad tantalum in solid 

solution (7). Osuwiterita froa pafBatlte reins contains Bore columbium tkaa 

caasiterite frea hydro the ra*l sulfi de>bearinc veins (3, 17).

grookite, Ti02 . OAS been reported to ooataia spectrocraphlc traces of 

oolumbivB and tantalua. lo quantitative data are available.

3ircon, 2r3i04 . Most analyses of this very SSSBUTI mineral do not report 

columbitui or tantalum, which ma/ h^ve been overlooked. Hairew^r, circone that 

contain appreoiabla amount   of rare e%rths aad uraniua also generally contain 

coluBbiiw end tantalum, the maximum content reported belac 7.7 percent 

Ta305 . Chit variety of vireon (to which several special Bases such ss

^nd h«atelite h%ve been civna) in of rare ooomrrenca in fraaitic peg

matites.

Sphene. C*TiSi05 aoamenly contains columbiua snd tantalum in amounts 

froB trades to about 2 percent Gb^) g^tagOs (2,14). The highest



IS.

percentage* reported are for samples from naphaline syenite pepratites. 

OoluBbium generally predominate* over t*nt«»lu».

A*trorhyllite. (K, la) FegTiSi^n (01), ha* *wn reported to contain 

U|» to 0.8 percent Ta^05. It i* a rery rare *iaer%l th«t occur* in nephelin* 

 jenite pegmatite*.

. approximately (la, Ca)s (*r, Te) 8 W^O^ (01. (51). It ha*

be«a reported to conUin tip to 3.5 p«*«ent Ob^)64Ta#5, with Untalwa predo«U- 

aatiac over colnabitn. iadialyte i* a rare  ineral that occur* in nepheline 

 yeaite pefBrf,tite*.

Loran«ealte (including the rariet/ ragsayite). Mas (fi, lr) 9i^>9» i* 

reported to contain colnabitui, Imt no quantitative data hare been published. 

It i* a rerj rare aineral that eccur* in «raaitic anc nepbeline syenite p+£*atit*B. 

a ooeiplex torosilicate of cerium* lanthajmm, thorium, and calcium,

i* reported te cent in u^ to 3.1 percent Ta^O^. It i* a yery rare Mineral that 

 court in nepheliae *yenite pe^atlte*.

> a coaplex ooroeilicate of the rar* earth* and

calciua, i* reported to contain up to 3*5 percent Ct^^Ta^Og. It i* a very 

rare mineral that occur* in naphaline syenite pegmatite*.

jteenstrupine. a complex phosphAte-silicate of the rare earth*, thorium, 

iron, and calcium, i* reported to contain up to 4 percent CVgQg+Vft^S* It it 

a rery rare mineral that occur* in ntnheliB* syenite pejpgttite*.

folylithionit*. ILijAlii^Qf , contains up to 1.5 percent CD^OS (33). It 

i* a very rare mien that occur* in granitic pegmatites*

Rock*

jl» itatad above under Qsm*pal Con*ldaration*, p. Z> , data on tn« colvsv 

blum amd taatalum content of rocks are not in good agreement. The reoent 

publi*hed value* (11,12,15,24) range from 3.2 x lO"6 percent Cb to 0.002 percent



14.

C"b for the average eon tern t of Iffteous rooks. The highest values reported 

are 0.005 percent Cb for granite, 0.02 percent Ch for nepheline syenite 

(11). Lest information is avnilahle on th« tan tain a content, which appears 

to to approximately two-thirds that of the col-amMum contemt.

Results of Mill protect Studies
*

The columblum content of more tmaa 1000 smmiiLes from over 800 vines,

Bills, and geological occurrences, was determined speetrofraphically hy
»

iahbitt (25) as part of the Geological Surrey1 s Trace nenents investiga 

tions. Three of the samples ench contained 0.8 percent Oe^Og. Two of these 

ware froa areas of alkali*syeaite intrusiTes* sooie of wkiioh contain eudialyte. 

The third of these three samples is a olaoer concentrate fro* the fentaa district 

in Alaska. In aaditiea to the three samples disorlhed ahoTO. 88 aaaplee con 

tained columDiuai in aaovnts ranging from 0.006 te 0.008 percent Cb^Oj. All 

of th«se sanplee are listed in fatola 1 oa page 2O of this report.

It is noteworthy that except lag the placer simple the highest con teat ef 

ooluwbivB was in the samples froa alkali-syenite intrusive areas. This is in 

accord with previous experience which has shown eoluBDiun to he generally con 

centrated in the late differentiates of the magma. The only other Important 

conclusion to he drawn from the mill product spectrographio study is a aegm- 

tive one. the reaaiaimj thousand edd samples which were examined and found 

to oontiin less than 0.005 percent Ch Ofi included products from nearly every 

type of Yaluahle min«»nOL deposit amd a variety of other geological occurrences. 

This evidence streaithens the relationship hetween oolnribium aad l^te 

tic differentiates «nd makes hy^rothermstl deposits app^pr unattractive 

possible oolumhiua sources.
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Bt»t Son re a g of Colupbium anc T^ntalua

At present, coltuBblun aad tantalum are produced alaost entirely froa
  

cotombite-tantallte aad tapiolite, with miaor aavants froa aierolite and

 iapsonite, all frea graaltlc pegaatltes. fka mineral  , euch as laparitw, 

associated with neph^line syenites appear to have tae* utilised only In* 

tfce U.S.8.1., wkerw the deposits are large. These mineral  have low colua- 

biua 4- tantalum ceatents aad are) proWbX/ not attractive sources v eyea If 

titanium is also r^corered.

Seas produatloa aad reserre fi^nres oa tttt domestic oolu»blu»-taJital\w 

sup-lj were obtained "br the taolafioal Sorrejr. AM figures ware aison&lod 

from data ampplied "by rarious aan. All of the fIc^ree are production or 

reserves for graaitio pftfamtites in the st^tet Ind^c^ted.

The production is given in pounds of mineral prefaced. Reoords «re not 

available, and prol^tly not existent, te ahow the proportion of coltuftbium to 

tantalus in the various minerals listed aad there are no figures to show the 

aaount of pegmatite material froa which the mineral § were obtained. In n 

all cases the columbliun-tantalua minerals are produced as "by-products of the 

ainiaf of a pegmatite body for other valuable minerals such as Bio*, felds 

par, aad spodumene. With oae possible exception, it is doubtful if there in
* 

a single domestic aina which aould operate for columbium-tantalum alone.

leserve figures given in pounds of mineral are in part saaod on pro 

duction records and estimate* Of volumes of pegmatite. leither grade figures 

to show percentage of mineral in the pegmatite nor figures to show the ratio 

of oolumblua to tantalum have seen Included. AS la past production, tha re 

serves are chiefly dependent on th« chance that they can be recovered as a 

by-Product of pegmatite mining for other minerals.
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Tabulation of domostio production and rooervos of ool\iaiblu»-t%atftlum 

 inoralai

OoluBblte Production and reserve» (U.S.) 
(Jan. I, 1945)

Production Reatrroi (Ifct. colmbit«y
itato Poriod wt. Measured Indies ted laf*rrod.

Arisona

Colorado 1943

Vow Mexico 1648

Worth Carolina 1943

South Dakota 1903-1908 66,000

nrcinia 1934 00

Totalt 73.191

300

500

a.ooo

6,000

130,000

138,500

TOTAL 116,700

Mierolito Production and rooorros 
(Jan. 1, 1945)

Fro fiction , coluaiblto)
State

Colorado

Jfow kexico

South Dakota

ToUlt

period it. l"bs. U^^sured

800

,

500

TfttL

indicated

6,193

400,000

406,193

612,040

Inferred.

2,347

aoo.ooo
3,000

206,34?
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Tantalite Production and reserves (U.S.)
. 1, 1945)

Production
8t*tQ

Ken toexioo

 euth DaJrota

Virginia

*omi«f

total*

Period

1943-1944

iaooaplete

1929-1941

1942

:t. Iba. V<»-surM

600 SOO

1,381

1.3PO

80

3,808 300

TOfAL

Indic.-.t^d

750

30,000

19,900

13,780

64.430

137,060

Jnf^rr^d.

750

80,750

850

83.330

Mixed or**-- Production and reserrtg (U.5,)
(Jan. 1, 1945) 

(columblte. %«Btalit«, adcrolite, h«tchattollte* , etc.)

Production B«»erre»
3Ut«

Idabo

UY Mftlaftd

D«w llaxico

north Carolina

louth Dakota

Totala

Period

t

1930-194?

t

1930-1942

1943

Vt. !!> .

900

<100

700

4,000

 30

5.910

fceitiartd Indicated Inferred

8,000

6.000

8.000
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iry Production aa* ttwrvo (U.S.) 
of »11 oolumblaB *nd tantalum »in4ralt 

(Jan. 1, 1945)

Production Ketervei » of ort  ln<iral>
Mlntral

Ooluoblt*

MicrollU

TanUliU

Miwd or*

Period nt. Ibi.

73,191

10,380

3,966

5,f30

^«&tur«d Indicated

800

600 406,193

300 64.430

Inf«rr*d

136,800

 05,34?

62,330

a.ooo.

Totelt 93.327 «X) 

TOTAL

470.823 404t irT 

t?5,iOO



It*

It tot f r.r I nrt 1 » / I -, v »   1 1 i

Tferthtr laTottlfatioa thould ha airoatod to thoto alt*r«li th«t coat* ia

^nUlttia. IT:' th*t %ro tro*t«d dh«al<Ml 

ratilo narl slreoa, th%t &r« «irk«t«d  « ttaali, %m not

of tim wMltort thaali W lATMtlo^^ ^ ! «» th« f^tt of 

AA^ t«nt«lu» conHtmt of *&s«itorit«

Bolivian om tnood «t tho Loa^hom Satltor it prosnambl/ low la colnaW.ua 

oad tAntnlna,

Tho f«U of tko coluaolua oad toatalua oeatoat of wolfr%ait« durlac tha 

racoTary of tuac*t«a ohonld V» »tudl«»d.

Frodnato of plamto pro^toin^ ti».oniua dlo.«ld« froa "llMaUV ta»£i aaould 

Va ttudlod. taoadi it cooao litel/ taat tho ooluafeUa aad taa talma vould 0*0- 

b«>)l/ bo ooaooatrvitod In th« flaftl *.lt%alua dioxlda fralaat.

iov^vor, urn* of th* foro^ciac poviloiXitioo aapaara aov to off«r n food 

eh*aa« for aapol/tac laportoat {BaaUtiot of coluabina. 9o eott*r lanrao !  

OTldaat thaa tho granitic pojamtltot, «tch at now M»pL/ aaarl/ all of tho 

oolvuaMua. F«ffthofMora tha fdaoral distriVation Mki aodo of oa^ur^nc* of 

thoto roolu la tha Vat tad Statao arr*nr« to ¥0 falto vail haava aad taair oon- 

toat of aolttatima-toariaf alDBralt it ttldaa aoro tbaa oao poajid of aiaaral por 

ton of pogBAtlta aatorlal. Xa aott e«toa It !  amah ! §§. Ttioroforo, tho pro*- 

pact for flndlmj l*raa oaaatitlot of ooluaM^a It mat food* FroVabl/ aa iaoraaoa 

of prico «a«ld ttiaalAto prodaatloa frM kaona tetiraot Vmt, haaamaa aott oalaa- 

atvi It a oy-proAoot tBjvay tho «ffoat would u aJaubtodly ha lUdtod oaloot tha 

prlea laaraaao w*m ir«rj f roat.
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Aamtatad HWorranhy of Cccurrancas of Colmrtdua *nd Tmtslta

Da script Ions of individual deposits ara M! 
K*t«; Iht original papara: war*    & except thoaa for *hlch rcferanca to »a 

abstract Journal it givaa.

1. Balk*, c. I. ColuaW.ua and 
lad. Inc. Charc. 27. 1166*1169

1 brief rwri9v of aathodt of extraction fro* oras it included.

2. ^hnatadt, K. M. iyh*%« froa th« Ihlbln* tundras.
irar. LomonoaoT last. A«id. Sal, 0.S.3.&. 1«. 7, 49*7t 

(in tocllfth ?7-7t) (If 36).

aaal/»a« of sphano froa Baphallai «/aolta« af th^ Kola r«anl»ula. 

U. 3.S.K. , show CbjO eootent* up to 1 parcaat.

3. BoroTick, I. jl. and Cotiaaua, J. D. Content of rmr* and othor  laa^rits 1m 
oat«lterlta» of dlffarant (cmasl* froa O.S.8.B. 4apo«iti according to 
tpactrum amal/ait data. 

Ooapt. rend. aead. aoi. U.t.t.J. 13. 951*354 (1939).

Ciuallt*tlv« tpaotrofvmphio study af IT oMaitaritas «hovad ttroaf 

for coluritdua la p«sAnti%« v«ln aaxplts. modarat* to nana la aaopl«9 froa sul

4. Carafcbi, 0. Rlc«rch« aaalitloJae sull^ adki«llt« dl
Gazz. ahia. Itnl. 54. 69-64 (19?4) j »ln«rnlo«. ^alrmota 3, 106 (1986).

Aftal/aia of schaalita fr« Trmrarsella, Pledaoat, «ave Cb^05 0.0«, 

bat thaaa r»tnlta hart team t*»stionad» §aa (28).

I. Clarka, F. W. and Washington, I. 6. fh« a«if>o«ition of tha a«rth*« crust. 
U. 6. Oaol. tmrraj, Prof. Pap«r 1ST, 117 Tn>. (1924).

Th4 art!*** aaotant of Ignaous rocks Is astia*t«d, froa scanty data, to I*

O.OOSi CV»lia. larllar, vidaly

tenaU Systea of Miaaralocy. tayaath Edition, Volwia X. John Uilay and 
(1944).

?. Fdv&rdt, A. B. A a*t« ou soi;w fc*iaialua-coluiibiu»
ATiitrnlis.. 

Proa. Auatr&laaian lust. Minims aat. Bo. ISO, 731-744 (1940).

IMa inoludM optical and eh«aical atudy that ia&o*t«s toaa aolid solution



83.

of tantalum and columbinm In caseiterite.

8. KliaeeY, M. A. Mid Hefedor, H, K. The loparite deposits of
Froiivod. *ily lol'skoco Poluostrora 1940, Ho. 1, 77-118 j Chem Abs tract s 

47, 1679 (1943).

A description of pnenmatolytic deposit a In the Kola Peninsula, U.S. 8.1. 

The deposits *re stated to contain the largest reserves in the world In total 

Columbian* content.

9. 0«r»«i»ov«ky, ?. I. Ptpr^titeB of the Lovozero nlkaHn*
In»t. Geokhim. H«uk. , Akad. lauk. S.i.i.r,. 18, kin«ral.-G«okhivi. 

S«r. to. 5, 1-44 (in fe«llch 44-45) (1939); Ch*m. Abstract* 54, 4363 (1940).

A description of the loparite deposit*.

10. 0«rft»i»oT«kyt T. X. ColumMxui and tantalum in th* U.S.S.H. Trad/ Inat. Oaol. 
K«uk., Io. 39, Mlnerfa.-ll*okhi«. Sar. Ho. B. 49-57 (1940); Chain. Abstract* 
37, 6608 (1943).

A nonary of data on ftutsiam daposlU, including the loprritt dtpositt, 

syenite p^f*Atit«i contftininc ilnennrutll* and ilra*nit«* and

11. Ooldtohmldt, 7. II. The principles of distribution of chemical ela&smts in
 inerals and rooks. 

J. Chem. Soo. (London) 1937, 655-673.

A fexusral account. The %v*ra£ft content of columbium in th« e%rih*s crust 

is ttatsd to be 0.0016%, frca _unpu"bli«hed work. Th« following data on tae C^^Og 

content of rocks fc* also fron unpublished work: ^bbro O.OOljt* dierite, 0.003^, 

granite 0.005^, and nepheline s/enite 0.021L

11. Ofiild&chaidt, V. M. Oeochemiche Tert«ilun^afe««tE« der Slenente. II. Pie
Meacenyerhaltnisse der Haaent« und der Ato«-art«&. 

Ikrift. lorsk. ndenskaps-akad. )slo, Mat.-lat. Haste 1937, lo. 4, 14$ pp.

The estimates bjr von Hevesy (15) of the oolumbiUM and tantalum contents of 

the ifaeoui rooks are considered to be too lov. Onp«blished work gives approxi 

mately 0.003^ colunbium for «ructlv« rocks and for clay- sand sediments. lo data 

 are obtained for tantalum, but if Ton Heresy's Cbi fa ratio is accepted, the 

content of tantalum would be O.OOlM. In many rocks, the columblum content varie* 

witm the sircenlma eon tent.



13. Heresy, a. voa sad tarstlin, t. fcer 4a« aaufifskeitTsrhaltnis llrkonlum/
ftafnima uad Hleo/Santal. 

ft. pkysikal. Chea. 139 A, 606-614 (1988)*

Fro a* discussion of the data in the literature. It is concluded that the 

ejasunts of eolumbiua sad taatalua in the earth's crust are approxiaately equal. 

aad are related aest closely to the titeaiua content*

14. Berts/, f. ron, Alexander. J* and ftrstlia, K. TTber die laufif skeltTerhaltais
IioD-Tant«d in Titanaineraliea. 

ft. aaerf. all***- Chea. 181. 96-100 (1989).

Analyse* were aade oy chemical concentration followed 'by x-ray speetrosaopie 

deterainatlon of 6 ru tiles (0.2S to 8.10 Co^O^TsvgOf) , 10 spbanes (1.27 to less 

than 0.006* 0*305* Ta^Og) » 1 orookite (O.W^ CbgO^Ta^) , perovskite (O.OMF Ct^* 

Ta^06), 8 ilaenitee (0.004 to 0.001* CbjOg+TagO*) aad two 'tUsk saads" (0.18 aad

O.Oi*

15. levesy , 0. Ton, Alexaader , I. aad iarstlia, I. Die liuf ificelt dsr UeaenU
der Tanadiaatruyae in trvpti¥fest«laea. 

ft. aaorf. allcea. Qbra. 194, 316-382 (1930).

A "eymthettc* eruptive rock aa« aaae "bgr aixiag 188 gfaaltes v 9 quart i-<UorlU§. 

38 diorites, 88 caohros aad norties, and 23 ultwtbatic rooks. Analysis ty chemi-

Cb, 8.4 x 1C"5 Vs. Biotite froa Hlttero". sorway, oontaiaed 6 x 10 

aHafopite froa Baale, Norway, contained 3.2 x 10""5< ClnTa.

14. lodce-Saith, f. Mi neralo^ical notes, as. 6. 
KM. Australian Maseua a. 844-884 (1948).

Analyse* of 9 wolfraaites froa Vow South Wales showed that 6 contained 

Cb^+TagOft. the oontents oein« 0.26 te 1.95^. It is eaffested that aost 

earlier analysts aissed the presence of coluafciua aad

17. LarionoT. J. and folaacer, J. M. Oa the ohemical ooaposition of oassiteritea> 
Cosa>t. rend. acad. sal. U.R.S.S. 14. 808-804 (1937).

speotrocrapMc study showed eoluahiua to be present in 5 p 

titie cassiterites, preseat in traces in 8 hydro thermal cassiterites.
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18. Mataiam, f. ?.. Ua «i8«a«-nta 6aa minerait do taatal*  * do aiobUm.
Fubl. aa«o«. iaf. factilto' polyUoh. Mont, lo. 64, 47-139 (1938).

A rwriow of occur r«ao«a of oolumbinm aad tantalum minarala.

19. Hallo r, J. I, A ooapr«h«*ilv« tr«Atia« oa imorcamie aad that>ratloal
onaaiatry. Vol. IX. 

Fa*** 837 to 935 de«l with ooluabitui amd taattbtt*

10. M7«rt,  « I. A r«Tltw of th« litoratur* on Urn oh^iis^ry aad aa
of ta&teluB aad ooluatlua. 

?roc. Attstralatiaa lust.. Minlac amd MaWllnrfir to* 199, 66-79 (194*).

21. PaatalMT, F. 0. Titaniwa, colualslua mad tamtalua la th« alkaline ooaplex
of ta* Illm«naa7 MountM.n» in th* Urals.

Boll, aaad." aei. U.E.S.I., clatio Mi. aatk. mat., $*r. fftol. 19 3i, §17- 
(in atflish 885-836).

9lM dapatitt ara d*Mrio«d. thaj 0011 Win rutil« (lla«ao-ratile) with 

6-17)1 0^05, 1-3^ fm^>5, aad ilaonltw with 0.6-l.J^ 0w^)f aad 0.1* 

tho o«currwao«i of ooluaMua tad ttatalum art dia«uit«d( with th« 

olutiona th«t tlMgr ar« aost tloael/ mlat^d to tltaalum la accurro&ea, and that 

tb« fr«at«a% concent rmti oat vaeur in p<mfBatit« vain* of tjenitic aad alas aid tie

ti. mthoellar, w. R. aad John, C. Jnv«8tlc»tlonB into the aaalgrtical aaaoittr/ 
of taataluB, nioW.ua nac thtir ainaral aa«*ociftt«« Till. Tht atparatlre 
of tu&catca f roa taatalua aad nlotiua. 

62. 506-514 (19*7).

Ohitfl/ aaalftieal ohoaibtr/. Tho datanimatlon of 0.1^ Cfe^Og^TajOj la 

ataaeliU V OarooU (4) i« tea^tad, b«aaut« a« miad aa nareliaUo method of

91. lt«rens, a. 1. Vow analyMt of lopidolito amd thtir inttrprotatlon« 
Am. Minaral. 23, 607-628 (1938). 
Two analyiMt of p«l/ll thlonl t« abawdd 0.14 amd 1.5*0

Tomcaron, 9. Tarn. Contribution* to ti» knowlod** of taa ohaaloal oom^oal- 
tloa of tha aarth*a cruat In tha Baat Indian Archlpala«o. II. Cm tho 
oeaurronca of raror oloaonta in ta« Votharlanda amat Indiaa. pp. 129-181.

AMtardaa. 1938.

apactro4raphie atudy of maagr aamploa. lo dataila ar« «i 

but it i a atatod that as far a<  vidence ia avmilablo, tha «oluabitui oontent
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P
/erallals the sircoalum content. A rough mcrroxlantion Is tr: Cb * 10:1, which

(Ire* 0.001^ CbO. for th« aver-s^e content.

86. tJ. f. Qeeloglcal Survey.
ttapubllshed X-ray dat* by f. B. Richmond and J. M. Axelrod; -unpublished 

spectrocrmphlc data by I. J. Murata. J. 0. E*bbltt, sad G«org« Stel^er.

Turk, T. T. sad Better, T. k. . eochealstry of r»re elsaeots la the granitic
p»4*stlt«s of she western 4»er seacoAst recio^* 

J. Oeel., lead. set. ITkraia. 8.8.R. 6, Ho. 4. 131-161 (In la*llsh 161-163)
(1*40)1 Chem. Abstracts 36, 416 (If4a).

The ilaenlte saaAs ef the AIOT  emaoatt contain 0.23* Cb^s ^^ traces of 

Keaovery aad utlllsatloa wre discussed.

17. Turk. T. T. aad Tearovsky, X. B. H»ck-ore alaerals of the Mariupol alkaline 
 asslf.

J. Oaol. , Acad. ici. Ukrain. S.S.I. 7. Ros. 1-9, lffL-160 (in teflish 161-162) 
(1940); Chesu Abstracts 35. 3198 (1941).

Ilmenite froa syenite pe^Ttatite contained vp to 0.4^


